Chronic wasting disease (CWD) is a prion disorder that occurs in cervids. CWD was initially observed in captive mule deer and black-tailed deer in Colorado and Wyoming in the USA from 1967 to 1979 \[[@B14]\]. This disease is now widely spread among free-ranging and captive deer as well as elk, especially in the USA and Canada \[[@B3]\]. In recent times, CWD outbreaks have been reported among elk in Korea that were imported from Canada \[[@B11]\]. Clinical signs of CWD include progressive weight loss, excessive salivation, ataxia, and weakness \[[@B12]\]. Additionally, histological lesions such as spongiform changes in the grey matter, intraneuronal vacuolation, and astrocytosis are mainly observed in the central nervous system \[[@B15]\]. CWD is caused by infection with the abnormal isoform of prion protein (PrP^res^) just like other transmissible spongiform encephalopathies (TSEs). However, unlike most other TSEs, the spreading of CWD is largely mediated by horizontal transmission \[[@B7]\]. CWD-associated PrP^res^ is excreted though the saliva, urine, and feces of infected animals \[[@B4]\]. Therefore, most CWD infections in nature are initiated through oral exposure to PrP^res^ in the environment.

CWD diagnosis is primarily made by immunohistochemistry (IHC) or immunoblot assays to identify the presence of PrP^res^ in appropriate specimens such as central nervous and lymphoid tissues using PrP^res^-specific monoclonal antibodies (mAbs) \[[@B13]\]. IHC is the gold standard among several assays for diagnosing preclinical cases of CWD \[[@B9]\]. Partial resistance to hydrolysis by proteinase K (PK) is a feature of infectious PrP^res^ \[[@B6]\]. Therefore, three protein bands 22-30 kDa in size are typically observed by Western blotting in specimens containing infectious PrP^res^ after treatment with PK \[[@B10]\]. Since PrP-specific mAbs were initially generated using recombinant bovine PrP, several antibodies have been subsequently produced with highly conserved regions of ovine and bovine PrPs \[[@B5]\]. Because of their specificity for the mostly conserved epitope in cervid PrP, the antibodies generated from ovine and bovine PrP have been routinely used for the diagnosis of CWD \[[@B8],[@B13]\]. Although PrPs are highly conserved among animal species, there are subtle differences in the amino acid sequences. These differences may contribute to interspecies susceptibility to TSEs and the different immunoreactivities of anti-prion antibodies \[[@B2]\]. To date, there have been no reports on the production of mAbs using cervid PrP as an antigen. Therefore, we developed a panel of new mAbs reactive to PrP^res^ specifically isolated from cervids. These antibodies can serve as a valuable reagent for diagnosing of CWD.

Using genomic DNA extracted from elk brain tissue, a mature PrP region, 660 bp of the elk prion gene from 70 bp to 729 bp, was amplified by PCR using the following primers: 5\' TGC AAA AAG CGA CCA AAA CC 3\' (forward primer) and 5\' CAC AGG AGG GGA GGA GAA GAG GAT 3\' (reverse primer). The primers were designed based on the DNA sequence of the elk PrP gene (*PRNP*) (GenBank accession No. AF016228; National Center for Biotechnology Information, USA). The PCR product was cloned into a TOPO TA cloning vector (Invitrogen, USA). The cloned *PRNP* was amplified by PCR using the following primers: 5\' [CAT GCA TGC]{.ul} TGC AAA AAG CGA CCA AAA CC 3\' (forward primer) and 5\' [CCC AAG CTT]{.ul} CAC AGG AGG GGA GGA GAA GAG GAT 3\' (reverse primer). The underlined sequences in the forward and reverse primers are sites for the restriction endonucleases *Sph* I and *Hind* III, respectively. The PCR product (678 bp) was then cloned into a TOPO TA vector, and the plasmid DNA was digested with *Sph* I and *Hind* III. The DNA fragment excised by restriction enzyme digestion was ligated into the pQE30 protein expression vector that had been digested with *Sph* I and *Hind* III. After selecting a clone containing the elk *PRNP*, recombinant elk PrP was expressed in *E. coli*. Purified recombinant elk PrP was finally identified by Western blot analysis using a Prionics-check Western blot kit (Prionics, Switzerland).

To develop mAbs against elk PrP, three types of antigens were used: the recombinant elk PrP produced in this study, a synthetic PrP peptide conjugated to keyhole limpet hemocyanin (KLH) at its carboxyl terminus (aa 93-107 in elk PrP, WGQ GGT HSQ WNK PSK-KLH), and the same peptide lacking KLH. Two PrP knockout C57BL6 mice \[*Prnp*^-/-^ (Nagasaki) mice, kindly provided by Dr. Y. S. Kim, Hallym University, Korea\] were intraperitoneally injected with 0.5 mg of the recombinant elk PrP that maintained a disulfide bond configuration in its structure mixed with Freund\'s complete adjuvant. After 2 weeks, the same amount of protein mixed with Freund\'s incomplete adjuvant was injected into the mice as the first boosting. For the second boosting, 0.25 mg of the KLH-conjugated PrP peptide mixed with Freund\'s incomplete adjuvant was injected into the mice. The last boosting was conducted by injecting a mixture of 0.5 mg of the recombinant elk PrP and 0.25 mg of the synthetic PrP peptide lacking KLH mixed with Freund\'s incomplete adjuvant.

Spleens were removed from the two immunized mice 1 week after the last boosting. Spleen cells were then fused with SP2/0 Ag14 myeloma cells by the polyethylene glycol method in Dulbecco\'s modified Eagle\'s medium/hypoxanthine-aminopterin-thymidine supplement medium. mAbs produced from the hybridoma clones were screened by an ELISA to measure their reactivity to the recombinant elk PrP and PrP peptide (aa 93-107 in elk PrP) conjugated with ovalbumin. Reactivity of the selected mAbs to the elk PrP^res^ was then measured by Western blot analysis using brain tissues obtained from a normal healthy elk and CWD-infected elk (kindly provided by Dr. Y. S. Kim, Hallym University, Korea). 1C5 antibody was included in the assay as a positive control \[[@B1]\].

The elk prion gene is composed of a total of 771 bp encoding 256 amino acids. However, mature elk PrP composed of amino acids 24-243 can act as an infectious amyloid precursor (GenBank accession No. AF016227). Therefore, the 660-bp region (70-729 bp) encoding the mature PrP was amplified by PCR. The PCR product was cloned into a cloning vector and sub-cloned into a protein expression vector. Identity of the resulting recombinant elk PrP was verified by SDS-PAGE and Western blot analysis using a PrP-specific antibody. A total of eight clones were selected based on reactivity of the produced antibodies to the PrP peptide and recombinant PrP ([Table 1](#T1){ref-type="table"}). The reactivity of seven mAbs except for clone A32-24 to both elk normal cellular PrP (PrP^C^) and elk PrP^res^ was verified by Western blot analysis ([Fig. 1](#F1){ref-type="fig"}). Five mAbs (A32-37, B85-05, B85-08, B85-12, and B77-75) reacted with both PrP^C^ and PrP^res^ from elk brain homogenates that were not treated with PK. However, when the brain homogenates were incubated with PK, only four antibodies (B85-05, B85-08, B85-12, and B77-75) along with the positive control 1C5 antibody recognized PrP^res^ in the homogenate. The data implied that these four mAbs reacted with the PrP 27-30 region resistant to PK treatment. However, the mAb A32-37 did not recognize the PK-resistant region. The epitope recognized by this mAb seemed to be cleaved after exposure to PK. More detailed studies using overlapping peptides are needed to identify the exact epitope recognized by the antibody.

Like other prion diseases, CWD is caused by PrP^res^ accumulation in the central nervous system \[[@B12]\]. Even though PrP^C^ and PrP^res^ have the same amino acid sequences, conformational change results in resistance of PrP^res^ to PK digestion \[[@B6]\]. Therefore, mAbs specific for the PK-resistant PrP 27-30 fragment are absolutely important for developing diagnostic methods to detect PrP^res^. In the present study, we developed four mAbs reactive to the CWD-associated PrP^res^ by immunizing *Prnp*^-/-^ mice with recombinant elk PrP. Some previously developed mAbs have limited specificity for only PrP from a specific animal, whereas others demonstrate a broad spectrum of reactivity against PrPs from several species \[[@B2]\]. CWD diagnosis is often conducted using these broadly reactive mAbs generated with PrPs from other animals \[[@B8],[@B13]\]. Since the four mAbs produced in our study were highly reactive to elk PrP^res^, we expect that these antibodies could be used to develop more reliable methods for diagnosing CWD. In addition, these newly developed mAbs could be help detect human and animal prion diseases such as variant Creutzfeldt-Jakob disease, scrapie, and bovine spongiform encephalopathy.
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Reactivity and isotypes of the monoclonal antibodies (mAbs) produced in this study
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^\*^mAb reactivity was measured with an ELISA. OD: optical density, PrP: prion protein, OVA: ovalbumin.
